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The top quark is unique in the Standard Model due to its large mass, possible role in
electroweak symmetry breaking and rapid decay without forming bound states. Precise
measurements of its properties offer both sensitive tests of the Standard Model and pos-
sible pathways of discovering new physics, and are an important and challenging part of
the ATLAS physics program. The prospects, evaluated from Monte Carlo simulations,
for precise measurements of the top quark mass, tt¯ spin correlations, W polarization in
top quark decays, anomalous Wtb couplings, as well as the expected sensitivity for rare
top quark decays through flavour changing neutral currents and for tt¯ resonances will be
described for a centre-of mass energy of 14 TeV and an integrated luminosity of 1 fb−1.
1 Introduction
Due to its unprecedented centre-of-mass energy and luminosity, the Large Hadron Collider
(LHC) will be a top quark factory, opening a new era of precision measurements. Within the
Standard Model (SM) the top quark has spin 1/2, is the weak isospin partner of the b-quark
and has charge +2/3. Although theory cannot predict the top quark mass, it was measured
by the Tevatron experiments: mt = 173.1 ± 1.3 GeV [2]. The tt¯ production cross-section is
known from theory to next-to-leading order (NLO) in αs, including next-to-leading logarith-
mic (NLL) contributions from soft gluon re-summation, and amounts to 833 ± 100 pb [3] for
mt = 175 GeV. This result is also supported by more recent calculations with lower theo-
retical uncertainties [4]. Due to a Cabibbo-Kobayashi-Maskawa matrix element Vtb close to
one, the top quark decays dominantly to a b-quark and a W boson. The W longitudinal and
right-handed helicity fractions in t → bW decays were measured by CDF and D0 experiments:
F0 = 0.88± 0.13, FR = −0.15± 0.09 and F0 = 0.49± 0.14, FR = 0.11± 0.08 [5]. The on-shell
decay width is Γ(t → bW )/|Vtb|2 ∼ 1.42 GeV for mt = 175 GeV, with a theoretical error be-
low 1% [3]. The large top quark width translates into a short lifetime τt = 1/Γ ∼ 10−25 s,
shorter than the typical hadronization time scale (∼ 10−24 s). This implies that the top quark
decays before hadronization can take place and its spin information is transferred to the decay
products, allowing the study of tt¯ spin correlations at production. Top quarks can be pro-
duced at the LHC via strong interactions in pairs (tt¯ production) or singly through electroweak
processes. In the present report, the tt¯ production at LHC pp collisions at
√
s = 14 TeV is
considered, assuming an integrated luminosity of L = 1 fb−1. The ATLAS [6] sensitivity to
the measurements of top quark mass, tt¯ spin correlations, W polarization and Wtb coupling
structure, as well as the search for top quark decays through flavour changing neutral currents
(FCNC) and tt¯ resonances [7, 8] will be discussed.
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2 Top quark mass
The expected precision for the top quark mass measurement was evaluated considering semilep-
tonic tt¯ → bW+b¯W− events, in which one of the W bosons decays hadronically and the other
one decays in the leptonic channel. This topology is characterized by a final state with one
charged lepton, missing transverse energy and four jets, two of them being originated by a
b-quark [7]. The mass of the W boson candidate which decayed hadronically (mjj) is recon-
structed using the two closest light jets. The b-jet closest to this W boson is used to reconstruct
the top quark. Its mass is shown in Fig. 1a. The statistical uncertainty of the top quark mass
will be overwhelmed by the systematic error with a few fb−1, and it is dominated by the un-
certainties on the jets energy scales. In particular the b-quark (light quark) jets contribute 0.7
(0.2) GeV to the mass measurement uncertainty per percent of energy scale miscalibration [7].
If jet energies are calibrated within 1 to 5%, a precision of the order of 1 to 3.5 GeV should be
achievable.
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Figure 1: (a) reconstructed hadronic top quark mass; (b) two-dimensional 68% C.L. allowed
regions for gR versus gL and (c) reconstructed mass of the jet from a boosted top quark for
signal (plain line) and background (dashed line).
3 tt¯ spin correlations
Although the top quarks in tt¯ events are produced unpolarised at the tree level, the t and t¯ spins
are strongly correlated. Such correlations were studied by using semileptonic tt¯ events with an
electron or muon in the final state. Reconstructed angular distributions were used to estimate
the expected absolute precision on the measurement of the spin correlation parameters A and
AD as 0.35 and 0.14, respectively. It should be noticed that these expectations were obtained
by applying a cut on the tt¯ mass distribution (required to be below 550 GeV) to enhance the
spin correlations [7].
4 W polarization and Wtb anomalous couplings
Top quark pair production takes place through QCD interactions and it is, therefore, almost
insensitive to the size and structure of the Wtb vertex. Nevertheless, the angular distributions
of (anti)top quark decay products can give information about the structure of this vertex. The
absolute uncertainty expected by ATLAS, for the measurements of the W boson longitudinal
(F0), left-handed (FL) and right-handed (FR) helicities is 0.045, 0.036 and 0.028, respectively.
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The W boson polarization ratios (ρR = FR/F0 and ρL = FL/F0) together with the angular
asymmetries (A+ and A−) were used to set limits on the anomalous couplings (gR, gL and
VR), using TopFit [9]. In Fig. 1b the expected two-dimensional 68% C.L. allowed region for gR
versus gL is shown (assuming VR = 0 and VL = 1).
5 Top quark rare decays through FCNC
Top quark rare decays through FCNC processes (t → qZ, qγ, qg) are highly suppressed in the
Standard Model [10]. These processes were studied by searching for tt¯ events in which one of
the top quarks decays to bW and the other one decays through FCNC. Expected limits on the
branching ratios were set at 95% CL (in the absence of signal) to 6.8 × 10−4, 2.8 × 10−3 and
1.2× 10−2 for the t → qγ, t → qZ and t → qg channels, respectively [7].
6 tt¯ resonances
The discovery potential for the tt¯ resonances decaying in the semileptonic channel, was studied
as a function of the resonance mass. Using an analysis similar to the one used for the measure-
ment of the top quark mass, ATLAS may be able to discover a tt¯ resonance with mtt¯ = 700 GeV
if the product of the production cross-section and the branching ratio to a tt¯ semileptonic final
state is higher than 11 pb [7]. For higher tt¯ masses, the t-quarks have higher boosts and the
reconstruction efficiency drops, once the hadronic top quark decay products merge and are,
therefore, reconstructed as a single jet (see Fig. 1c). Furthermore, the semileptonic top quark
decays are no longer identified by the presence of an isolated lepton. A specific reconstruction
was developed for this case [8] and a 95% C.L. expected limit was set at 550 (160) fb on the
signal production cross-section times branching ratio to tt¯ for a resonance mass of 2 (3) TeV.
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